Abstract: Small tissue biopsies are often difficult to visualize and can be easily lost or mishandled. The authors hypothesized that full epidermal surface coloration of small skin lesions with a sterile skin marker (gentian violet ink) before performing shave biopsy would make small gross specimens easier to identify without impacting microscopic appearance. Live evaluation of 4 inked and 4 noninked gross (2-3 mm) specimens in covered and uncovered formalincontaining jars by 50 consecutive health care personnel demonstrated that inked specimens were significantly (P , 0.001) easier to visualize than noninked specimens. Additionally, a blinded dermatopathologist evaluated 25 inked and 25 noninked specimens microscopically. Utilization of this inking process did not interfere with histopathologic assessment or impede diagnosis. This pilot study describes an easily implementable quality improvement measure that may decrease the rate of loss and mishandling of specimens.
INTRODUCTION
Tissue biopsies are often required to confirm or establish dermatological diagnosis through microscopic evaluation. Although obtaining pathological specimens allows for the establishment of a proper diagnosis and treatment plan, processing of cutaneous specimens for pathological analysis is not without pitfalls. The loss of tissue specimens as they travel from the patient to the pathology laboratory is of particular concern because of the potential clinical and legal consequences that may follow if a specimen goes missing. The concern for specimen loss is increased when specimens are difficult to visualize, such as with fair skinned individuals and when specimens are of a smaller size.
We hypothesized that full epidermal surface coloration of small skin lesions with a skin marker (gentian violet ink) before performing a shave biopsy would make gross specimens easier to visualize, and therefore decrease the likelihood of specimen loss or mishandling. We also hypothesized that epidermal surface coloration before biopsy would have no effect on the dermatopathologist's microscopic evaluation of the specimen. Finally, we sought to determine whether the ink would persist on specimens placed in formalin solution for a week, in the event that a processing delay was to occur.
MATERIALS AND METHODS

Gross Specimen Identification
Eight tissue samples were obtained from tissue that would have otherwise been discarded from excisions taken from fair skinned individuals. Four of the eight samples were completely marked with a purple surgical marker (gentian violet ink) before shave biopsy (Fig. 1) . All samples (2-3 mm) were placed into plastic containers with buffered formalin solution (Fig. 2) ; half of the jars were left uncovered, whereas the other half were covered with the cap in place. Each jar was assigned a number (1) (2) (3) (4) (5) (6) (7) (8) , and the jars were evaluated by 50 health care workers in a blinded fashion. Each health care worker evaluated the "ease of specimen identification" of every jar on a scale of 1-10 (1 = unidentifiable; 10 = very easily identified). Due to nonnormal distributions of the ratings, Friedman nonparametric repeated-measures ANOVA was used to compare scores under covered, uncovered, inked, and noninked conditions.
Microscopic Specimen Identification
Fifty dermatologic specimens were collected through shave biopsy. Half of the specimens underwent full epidermal surface coloration with a purple surgical marker (gentian violet ink) before biopsy. All specimens were microscopically evaluated by a blinded dermatopathologist and evaluated for the presence of gentian violet ink and any impediments to histological assessment. A Fisher exact comparison that adjusts for low variability in the test statistic was used to evaluate the association between an inked specimen and whether the presence of histological artifacts hindered rendering a diagnosis.
Gross Specimen Ink Persistence
The 4 inked specimens within formalin jars from part 1 of this study were monitored and photographed daily for a week to evaluate for ink persistence on gross specimens.
RESULTS
When participants viewed the covered jars, inked specimens were more easily identified and were associated with higher scores [Median = 10.00, interquartile range (IQR) = 10.00-10.00] than noninked specimens (Median = 4.50, IQR = 3.00-7.13), post hoc P , 0.001. Similarly, when participants viewed the uncovered jars, inked specimens were more easily identified and were associated with higher scores (Median = 10.00, IQR = 9.88-10.00) than noninked specimens (Median = 5.25, IQR = 3.00-8.00), post hoc P , 0.001. These results were significant even after applying Bonferroni correction for inflated type 1 error. Regardless of the inking status, there were no problems identified with all specimens when examined under the microscope. The dermatopathologist could not observe the presence of epidermal purple ink on any specimen microscopically. Ink subjectively persisted on specimens in formalin solution for 7 days.
DISCUSSION
Small tissue biopsies are often difficult to visually detect and can be easily lost or mishandled as they journey from the patient's body to the dermatopathology laboratory. Hard to identify specimens may be misplaced and never end up being placed in the container in the first place or may end up adhering to the cap or the wall of the biopsy container. If the specimen is stuck to the cap or wall of the jar the pathology team may be unable to locate the specimen for processing. Furthermore, if the specimen is not immersed in buffered formalin solution inside the container, drying artifact will likely occur, which can make processing more difficult despite proper retrieval. Additionally, tissue specimens can also be lost during processing in the pathology laboratory where the specimen must be again transferred from the container. Sandbank et al found poor visualization to be the most common cause of small pathological specimens.
2,3 Ultimately, poor visualization means small tissue biopsies can potentially be lost at any number of points, starting from the shave removal process and deposition into the formalincontaining jar to receipt and processing in the laboratory.
Marking small tissue biopsies (2-3 mm) with a gentian violet ink marker before shave biopsy increases specimen visibility compared to noninked specimens and may decrease the rate of specimen loss or mishandling. By enhancing the visibility, health care workers will be able to better confirm the presence of the specimen inside the formalin solution, thus decreasing the likelihood that the specimen either gets stuck to the cap or side of the jar or fails to make it into the container altogether. Moreover, the inking process does not interfere with histopathologic assessment or diagnosis. In fact, inked specimens were indistinguishable from noninked specimens microscopically and most importantly did not hinder forming a definitive diagnosis (Fig. 3) . Thus, this simple intervention may have the potential to increase the visibility of gross specimens without adversely affecting the ability to read the processed tissue.
Finally, ink persists on specimens in formalin solution for at least 1 week. At our institution, all specimens are processed within 48 hours of biopsy. However, our observations suggest that the visualization benefits, which result from coloration of small specimens, would remain even if processing of the gross specimens were delayed up to 7 days.
Gentian violet ink could play yet another role in the tissue preparation process. This purple colorant also seems to grossly adhere to specimens that have already been formalin fixed. Because we found in this study that this type of ink (when applied to the epidermal skin surface of a specimen before fixation) does not appear microscopically, gentian violet may be a beneficial alternative to traditional tattooing inks in situations where marking the tissue is used to facilitate proper embedding and where ink artifact is unacceptable because of the potential impediment to microscopic analysis.
In conclusion, full epidermal surface coloration before biopsy confers better visualization of small-sized skin specimens at all times and is an easily implementable quality improvement measure that may decrease the rate of loss and mishandling of specimens and improve patient care.
